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The integration of the electric vehicle with the grid  











impacts,	 and	 upgrading	 necessary,	 but	 focuses	 conceptually	 on	 the	 potential	 new	
developments	that	could	come	from	vehicle	grid	integration.	
Given	the	potential	for	the	number	of	PEVs	to	grow	rapidly	in	the	near	term,	PEV	
loads	have	become	one	of	the	major	focuses	for	the	smart	grid	developers.	For	
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instance,	Moghe	et	al	(2011)	illustrated	that	adapting	controlled	PEV	charging	may	
increase	the	life	expectancy	of	an	average	50	kVA	neighborhood	transformer	by	up	
to	six	times	depending	on	the	rate	of	PEV	adoption	in	that	area.	On	the	other	hand,	
PEV	load	is	also	seen	as	a	useful	resource	for	the	grid	operations	in	applications	
such	as	frequency	regulation,	power	generation,	and	renewable	electricity	
integration.	Thus,	utilizing	Demand‐Side	Management	(DSM)	to	manage	the	growing	
load	of	PEVs	may	create	an	economic	benefit	for	consumers	and	utilities	while	
reducing	the	negative	impacts	on	grid	capacity.	Early	development	of	active	“PEV‐
grid	integration”	should	specifically	focus	on	the	PEV	demand	side	management	
strategies	and	potential	ancillary	service	opportunities	such	as	frequency	regulation.	
Some	major	issues	such	as	consumer	PEV	charging	behavior,	the	competitiveness	of	
the	DSM	relative	to	wholesale	electricity,	and	developments	in	communication	
technologies	will	vary	based	on	the	most	recent	PEV	and	electricity	market	data.	
These	factors	vary	widely	by	region,	and	need	to	be	thoroughly	evaluated,	though	
learnings	from	early	pilot	programs	and	coordination	between	utilities,	car	
companies,	and	standardizing	organizations	will	be	critical	to	the	future	success	of	
PEV‐grid	integration.	
One	early	project	that	will	provide	some	insights	is	the	BMW‐PG&E	collaboration	
called	the	iChargeForward	Program	launched	in	August	2015	in	the	San	Francisco	
Bay	Area.	This	small	18‐month	pilot	program	incentivizes	BMW	i3	drivers	who	
participate	in	a	managed	charging	program	which	aims	to	meet	consumer	needs	
while	also	allowing	for	grid‐load	reductions.		BMW	will	manage	the	at‐home	
charging	of	enrolled	consumers,	including	up	to	a	one‐hour	charging	delay	at	their	
home	charger.	Consumers	set	a	preference	for	battery	state	of	charge	and	departure	
time,	but	are	given	the	option	of	opting‐out	of	each	managed‐charging	event.	Their	
incentive	will	vary	based	on	their	participation.	This	project	allows	for	a	test‐run	of	
early	networking	and	remote	charging	control	software,	and	at	the	end,	BMW	and	
PG&E	will	have	a	better	understanding	of	consumer	compliance	and	grid‐load	
modification	(BMW	USA,	2015).	This	project	is	on‐going	through	December	2016.	
Project	results	which	would	be	relevant	to	utilities	and	EVSE	network	operators	will	
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follow.	
	
Conclusion 
Infrastructure	investments	in	the	current	market	should	be	made	with	an	eye	
toward	future	PEV	market	developments.	Considerations	include	expanding	vehicle	
range,	increasing	adoption,	faster	charging,	and	increasing	grid‐connection	and	
charging	control.		Expanding	vehicle	ranges	will	lead	to	a	need	for	a	geographically	
expanding	charging	network.	Increasing	PEV	adoption	will	lead	to	more	charger	
demand	over	time,	and	in	less	prime	locations	‐	requiring	home	or	workplace	
charging	to	meet	the	needs	of	owners	who	live	in	multi‐unit	dwellings	and	older	
homes	without	the	option	for	dedicated	home‐based	charging.	In	the	short	term,	
planning	should	be	for	limited	EVSE	installations,	but	siting	and	conduit	which	will	
allow	for	easier	expansion	of	the	number	of	chargers	at	existing	locations	will	allow	
for	economic	expansion	when	charger	congestion	becomes	an	issue.			
	
The	vehicles	on	the	market	have	already	moved	from	3.3kW	charging	in	the	early	
models	to	6.6	to	10kW	for	current	model	PEVs.	The	Tesla	SuperCharger	can	charge	
up	to	120	kW	currently,	but	there	have	already	been	announcements	from	
automakers	that	the	Audi	E‐Tron	Quattro	and	the	Porsche	Mission‐E	will	be	able	to	
charge	at	speeds	of	up	to	300kW,	and	forward‐thinking	charging	companies	are	
already	preparing	for	this	(InsideEVs,	2015).	Finally,	while	some	limited	ability	to	
schedule	charging	–	for	example	a	timer	on	the	charger,	or	a	delayed	charging	start	
time	in	the	vehicle	control	are	currently	available,	the	next	wave	of	development	
will	be	for	more	specific	demand	management	of	the	charging	load,	either	at	an	
aggregated	network	operator	level,	or	a	utility‐controlled	demand	management	
system.	This	will	allow	for	more	efficient	use	and	integration	of	renewables	with	the	
electrical	grid.	Beyond	demand	management,	it	could	lead	to	the	use	of	PEVs	as	
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distributed	storage	for	a	highly	variable,	renewable‐dependent	electrical	grid.	
The	early	EVSE	supplier	and	network	operator	market	was	flooded	with	options,	
though	that	has	now	calmed.	If	government	funds	for	incentivizing	infrastructure	
are	used,	funding	distribution	should	consider	the	past	performance	of	EVSE	
suppliers	and/or	network	operators	in	terms	of	their	reliability,	maintenance	and	
downtimes,	plans	for	future	expansion	and	operations,	and	their	ability	to	adapt	and	
operate	demand	management	strategies	and	eventually	vehicle‐to‐grid	(V2G)	
capabilities	with	two‐way	electricity	flow.	
In	order	to	increase	PEV	sales,	there	needs	to	be	an	ecosystem	of	supporting	
infrastructure	and	policies	to	support	the	developing	market.		In	successful	PEV	
markets	worldwide,	this	includes	financial	subsidies	for	private	purchase	of	PEVS,	
free	and	priority	parking	locations	in	busy	cities,	bus	or	carpool‐lane	access,	
government	investment	in	charging	infrastructure,	vehicle	emissions	regulations	
and	government	sales	goals,	utility	support	often	in	the	case	of	special	time‐of‐use	
rates	for	EV	drivers,	education	and	outreach	programs.	The	suite	of	supporting	
policies	varies,	but	what	is	common	is	that	successful	markets	do	not	rely	on	just	
one	or	two	incentives	for	PEV	buyers,	but	combine	many	incentives	to	help	grow	the	
PEV	market.	British	Colombia	is	already	well‐suited	compared	to	many	other	
provinces	in	Canada	in	creating	a	suite	of	supportive	policies	and	incentives.	
	
One	way	to	make	the	funding	stretch	further	would	be	by	motivating	car	
manufacturers	to	engage	in	partnerships	with	state	and	local	governments	for	the	
planning	and	deployment	of	charging	infrastructure,	by	tying	government	
incentives	to	this	engagement.		
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Figure	17:	Canadian	PEV	Policy	Assessment	(Melton	and	Goldberg,	in	progress)	
As	a	city,	Vancouver	can	take	several	actions	that	can	help	create	the	ecosystem	to	
encourage	both	PEV	adoption	and	EVSE	installations.	Adopting	clear	building	codes,	
and	implementing	a	streamlined	EVSE	installation	and	inspection	process,	for	both	
public	and	home	charger	installations	is	something	that	can	have	an	impact	and	be	
managed	at	the	city	level.	Installing	EVSEs	at	desirable	city	locations,	with	either	
free	or	discounted	parking	and	charging,	is	another	city	initiative	that	can	have	an	
impact	on	PEV	adoption	and	use.	The	city	of	Vancouver	can	provide	strategic	
investments	contingent	on	private	match	funding	for	charging	infrastructure	
installation,	which	should	focus	on	overnight	and	workplace	charging	which	can	
satisfy	the	bulk	of	PEV	charging	needs,	similar	to	the	Massachusetts	workplace	
charging	program.	
Finally,	educating	all	the	participants	in	the	decision	chain	–	from	city	inspectors	
and	electricians,	to	dealers	and	end	consumers	may	be	the	largest	hurdle	to	
overcome.	Some	of	the	most	effective	methods	are	by	requiring,	versus	just	offering,	
dealer	training	about	new	technologies	and	vehicle	models,	providing	clear	and	
consistent	regulations	and	local	permitting	processes,	and	having	easy	to	
understand	information	regarding	charging	costs	and	rate	options	provided	by	the	
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local	utility.	Using	some	of	the	available	resources	on	an	educational	campaign	can	
help	increase	PEV	adoption.	
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